Prognostic Associations of Carotid Plaque in HIV
ASCVD events. Therefore, we compared the presence and characteristics of incidental carotid plaque among a population of PLWHIV without known vascular disease to an uninfected control group similar with regards to age, sex, and cardiovascular risk factors, including diabetes mellitus, hyperlipidemia, and cigarette smoking to cases and tested the association between the presence of plaque and plaque features with adverse outcomes.
Methods

Study Design and Patient Population
The study was retrospective in design, and our data set was developed from an established and validated research registry of PLWHIV and non-HIV controls. 1, [9] [10] [11] [12] In brief, PLWHIV were identified via a broad initial search, which included the International Classification of Diseases Ninth Revision codes for HIV (International Classification of Diseases Ninth Revision-clinical modification codes 042, 043, or V08) used in the research registry plus HIV-related diagnosis-related codes (diagnosisrelated groups: diagnosis-related group 488, 489, 702, 705, 707, 708, 710, 711, 714, 790) and specific search terms (eg, HIV, antiretroviral therapy [ART], AIDS) generating a broad initial sample size of (n) 9375 ( Figure 1A ). From this data set, we confirmed a diagnosis of HIV on chart review and identified all PWLHIV who had a neck CT with contrast. Subjects with a prior history of ASCVD, including MI, coronary artery disease, cerebrovascular disease (stroke and transient ischemic attack), prior carotid or peripheral vascular disease, and prior atrial fibrillation were excluded. Subjects with nondiagnostic/unavailable neck CT scans and subjects in whom the indication for the CT scan was stroke were also excluded. Control subjects were derived from the same database. In brief, 441 subjects were noted to be erroneously coded under the extended search term HIV and served as the control group. A through chart review demonstrated that these subjects had the word HIV in the medical record typically because of HIV testing and did not have HIV. Non-HIV control subjects with a prior history of ASCVD, coronary artery disease, and cerebrovascular disease were excluded (stroke and transient ischemic attack). Data collection, image analysis, and event adjudication were performed by 3 independent and blinded groups. One team performed electronic medical record review to ascertain data on baseline cardiovascular risk factors and HIV-specific parameters, another adjudicated clinical outcomes, and a third performed image analysis of the neck CTs. Our study was approved by the Institutional Review Board.
Data Collection
Traditional Cardiovascular Risk Factors
Baseline covariates were collected within 1 year of the neck CT scan by electronic medical record review. Data were collected on traditional cardiovascular risk factors, including hypertension, dyslipidemia, diabetes mellitus, and family history of coronary heart disease. 13 The use of cardiovascular medications, body mass index, sleep apnea, creatinine levels, smoking, alcohol use, and illicit drug use were also collected.
HIV-Specific Parameters
Data were collected on duration since HIV diagnosis, duration of antiretroviral therapy, category of antiretroviral therapies, viral load, CD4 count, and nadir CD4 count as previously described. 11 All efforts were made to collect the HIV-specific parameters from the electronic medical record at a time point closest to the CT scan.
CT Neck Image Analysis
The types of CT scans included CT neck with contrast, CT angiography, and positron emission tomography-CT with contrast, performed for a variety of indications. Indications for neck CT included assessment for trauma (27%), neck mass (17%), neck cancer (13%), lymphadenopathy (8%), abscess (7%), neck pain (7%), headache (2%), dysphagia (1%), and varied (12%). We assessed the presence of plaque, plaque composition (calcified, mixed, and noncalcified), degree of stenosis based on North American Symptomatic Carotid Endarterectomy Trial (NASCET) evaluation (minimal, 1%-30%; mild, 31%-50%; moderate, 51%-69%; severe, 70%-99%), presence of high-risk plaque (HRP) features, including spotty calcification (size of calcification <3 mm in all directions) and low attenuation (if circular region of interest with diameter of 1 mm shows area with mean attenuation <40 HU). 14 A plaque score was computed by summing the maximum thickness of plaque in each segment (mm) on both sides according to Gupta et al. 15 The carotid images were analyzed by 3 experienced readers (S.J., P.S., R.T.), blinded to the clinical data, on a cardiac workstation (Tera Recon, Foster City, CA). All readers completed standardized CT training to assess interobserver variability and had excellent interobserver agreement for presence of plaque (kappa, 0.92), grade of stenosis (kappa, 0.77), type of calcification (kappa, 0.74), low attenuation (kappa, 0.95), and spotty calcification (kappa, 0.69).
Outcomes
The primary outcome was an ASCVD event, defined as MI, coronary heart disease death, or ischemic stroke, in accordance with ASCVD end points defined in the 2013 American College of Cardiology/ American Heart Association Risk Assessment Guidelines. 16 The secondary outcome was ischemic stroke as defined by the American Heart Association/American Stroke Association consensus document. 17 All events were adjudicated by blinded board-certified physicians using standardized definitions blinded to other variables. 18 
Statistical Analysis
Continuous variables were presented as mean±SD or median and interquartile range, whereas categorical variables were presented as percentages. Parameters were compared between the 2 groups using Student's t test or Mann Whitney test for continuous variables and χ 2 or Fisher exact test for categorical variables, as appropriate. Univariate and multivariate Cox proportional hazard regression analyses were performed to determine the association between the presence of any carotid plaque or HRP and outcomes among the entire cohort and then just limited to PLWHIV. The multivariate models were adjusted for the number of traditional cardiovascular risk factors, including hypertension, diabetes mellitus, hyperlipidemia, current smoking, and family history of coronary artery disease. Hazard ratios (HR) are presented with 95% confidence interval (CI). Kaplan-Meier curves were generated to compare event-free survival among PLWHIV and uninfected individuals with and without plaque. Between-group differences were assessed using the log-rank test. A P value <0.05 was considered significant. Statistical calculations were performed using SPSS software (SPSS version 22; IBM Corp., Armonk, NY) and STATA software (Version 13, StataCorp LP., College Station, TX).
Results
Study flow diagrams for the derivation of both the PLWHIV and uninfected control individuals are presented in Figure 1A and 1B. After exclusion of subjects in each cohort for prior vascular disease, there were 209 PLWHIV and 168 controls. The distribution of type of CT scans included CT neck with contrast (65%), CT angiography (44%), and positron emission tomography-CT with contrast (4%). PLWHIV had a higher frequency of CT neck with contrast, while controls had a higher number of CT angiography. The indication categories in the 2 groups were similar for abscess, cancer, dysphagia, pain, mental status change (P<0.05 for all), whereas significant differences were found for the numbers in each group where the indication was lymphadenopathy, mass, and trauma (P>0.05 for all). Tables 1 and 2 describe the baseline characteristics of PLWHIV and uninfected controls. There were no significant differences in age (45±10 versus 43±17 years, HIV+ versus HIV−; P=0.07), sex (72% versus 65% male; P=0.18), prevalence of diabetes mellitus (10% versus 11%; P=0.61), hyperlipidemia (15% versus17%; P=0.67), and cigarette smoking (33% versus 30%; P=0.57). Cardiovascular medication use was similar between the 2 groups.
PLWHIV varied significantly with regards to race (more Black) and had increased illicit drug use, lower body mass index, and lower high-density lipoprotein as compared with uninfected controls. The mean duration of HIV was 14±7 years, 49% had an undetectable viral load, the mean CD4 count was 378±358 cells/mm 3 , and 93% (n=194) of the PLWHIV were on ART. Variables including duration of ART, CD4 nadir, and CD4 count were present in 93% of the cases (missing 7%), absolute CD8 count for 69% of the cases (missing 31%), and undetectable viral load for 88% of the cases (missing 12%).
Carotid Plaque Characteristics
PLWHIV free of known vascular disease had an increased rate of any carotid plaque (34% versus 25%; P=0.04), noncalcified carotid plaque (18% versus 5%; P<0.001), and higher plaque score (1.8±3.4 versus 1.2±2.7; P=0.03). PLWHIV also had a significantly higher number of any HRP (25% versus 16%; P=0.03), higher number of HRP features per patient (P=0.03), and a higher number of low attenuation plaque (16% versus 7%; P=0.007; Table 3 and Figure 2 ).
Outcomes: ASCVD/Stroke
The primary outcome was an ASCVD event. Over a median follow-up of 3 years, there were 17 ASCVD (ischemic stroke, 9; MI, 6; coronary heart disease death, 2) events among 209 PLWHIV and 2 ASCVD events (coronary heart disease death, 2) among uninfected controls (P=0.002). The secondary outcome of interest was ischemic stroke. There were 9 ischemic strokes among PLWHIV as compared with 0 strokes among controls (P=0.005). Among PLWHIV, there were 10 ASCVD events among the 72 PLWHIV with carotid plaque (14%) as compared with 7 events among the 137 PLWHIV without plaque (5%; P=0.027). Similarly, among PLWHIV, there were 6 ischemic stroke events among the 72 PLWHIV (8%) with any carotid plaque as compared with 3 events among 137 PLWHIV (2%) without any plaque (P=0.046).
Among PLWHIV, there were 8 ASCVD events among the 53 PLWHIV with any HRP (15%) as compared with 9 events among the 156 PLWHIV without HRP (6%; P=0.032), and there were 5 ischemic stroke events among the 53 PLWHIV (9%) with any HRP as compared with 4 events among 156 PLWHIV (2%) without any HRP (P=0.048).
Univariate and Multivariate Modeling for Outcomes
Entire Cohort
Among the whole cohort, there was an unadjusted association between HIV status and ASCVD events (HR, 5.81; CI, (Table 4) .
PLWHIV
In analysis confined to PLWHIV, the presence of any carotid plaque was associated with an almost 3-fold increased risk of ASCVD events (HR, 2.91; CI, 1.10-7.7; P=0.03) and a 4-fold increased risk of ischemic stroke (HR, 4.14; CI, 1.03-16.6; P=0.04). In multivariate analysis confined to PLWHIV, after adjustment for cardiovascular risk factors, the presence of any carotid plaque was associated with an increased risk for ASCVD events (HR, 2.84; CI, 1.05-7.63; P=0.03) and with a trend toward an increased risk for ischemic stroke (HR, 3.57; CI, 0.86-14.7; P=0.07; Table 5 and Figure 3A and 3B). Also among PLWHIV, the presence of any HRP was associated with an unadjusted 3-fold increased risk for ASCVD events (HR, 3.02; CI, 1. Figure 4A and 4B). We also evaluated the association of noncalcified plaque and events: the presence of noncalcified plaque was associated with an unadjusted 3-fold increased risk for ASCVD events (HR, 3.21; CI, 1.22-8.45; 
Discussion
Leveraging data from a large US healthcare system, we tested, using CT, whether HIV status was associated with an increase in incidental carotid plaque, whether HIV status was associated with high risk and noncalcified plaque, and whether incidental carotid plaque and plaque characteristics were associated with subsequent vascular events among PLWHIV. In a cohort free of known vascular disease, we found that HIV status was associated with an increased rates of incidental carotid plaque, noncalcified plaque, and HRP as compared with uninfected controls. Additionally, in follow-up, among PLWHIV, the presence of carotid plaque, noncalcified plaque, and HRP was associated with an increased risk of both any atherosclerotic event and stroke after adjustment for cardiovascular risk factors. Our hypothesis that there would be an increase in subclinical carotid plaque in HIV was based on prior data from several groups showing an increase in subclinical coronary plaque in HIV. 19, 20 For example, Lo et al 19 showed in a study of 78 men living with HIV without a history of vascular disease that incidental coronary atherosclerosis by CT was almost 2-fold higher in men living with HIV as compared with demographic and risk factor uninfected men (59% versus 34%). Based on these findings, we hypothesized that there would be an increase in subclinical carotid plaque by CT among PLWHIV free of known vascular disease. The hypothesis was also supported by robust data using ultrasound for detection of carotid plaque in HIV and data from other inflammatory diseases associated with an increased risk of vascular events. 21, 22 For example, in a study of 1822 PLWHIV using serial ultrasound, Hanna et al 21 showed that PLWHIV had a 61% greater risk of new focal carotid artery plaque formation over 7 years compared with uninfected controls, regardless of baseline vascular phenotype and after controlling for cardiometabolic risk factors. There are also significant data in other diseases that share pathophysiological overlap with HIV. Specifically, the mechanisms of increased vascular risk in HIV are likely related to immune activation and an increase in inflammation, 23, 24 and in other diseases where an immune activation and inflammation play a key pathophysiological role, an increase in incidental carotid plaque has been reported. 25, 26 For example, in rheumatoid arthritis and diabetes mellitus, data have described an increase in incidental carotid plaque. 27, 28 We extend these findings to HIV and provide, to our knowledge, the first study characterizing carotid plaque by CT in HIV and demonstrate an increased number of incidental carotid artery plaque in PLWHIV as compared with an uninfected cohort.
Given its spatial resolution, CT is an excellent technique for characterizing atherosclerotic plaque composition, and data using CT in broad populations have shown that the association between atherosclerotic plaque in the coronaries and adverse outcomes is markedly influenced by plaque composition. 29, 30 Among PLWHIV, data using CT have shown that there is a marked increase in the prevalence of both noncalcified plaque 31 and HRP in coronary arteries of PLWHIV. 8, 32 For example, Post et al 20 showed in a study of 618 PLWHIV that the prevalence of any noncalcified coronary plaque was 63% as compared with 53% in uninfected controls. Similar, D'Ascenzo et al, 31 in a meta-analysis of 9 studies (1229 PLWHIV and 1029 controls), showed that the rates of noncalcified plaque were >3-fold higher in PLWHIV (58% versus 17%). Prior to this current work, there were no data testing the prognostic significance of noncalcified plaque or HRP in the carotid arteries among PLWHIV. However, there are data testing the prevalence and prognostic significance of noncalcified plaque and HRP in the carotid in non-HIV populations. 33 For example, Homburg et al evaluated the associations between carotid plaque ulceration and plaque characteristics in ischemic stroke patients and found that a lipid-rich core (noncalcified plaque) was associated with plaque ulceration, whereas calcification (plaque stability) was inversely associated with plaque ulceration. We extend these prior observations to PLWHIV and find that PLWHIV have an increase number of noncalcified carotid plaque and HRP and that these plaque characteristics are associated with an increase risk of subsequent clinical vascular events.
Data have established that the risk of vascular events is increased in HIV. 5 For example, Chow et al showed that the incidence rate of ischemic stroke was 5.27 per 1000 person years in PLWHIV compared with 3.75 in uninfected patients (adjusted HR of 1.40) and that HIV remained an independent predictor of stroke after controlling for demographics and stroke risk factor. 1 Additionally, studies in broad cohorts have demonstrated that the presence of carotid plaque is associated with an increased incidence of vascular events. For example, Gepner et al 34 reported that in 6779 subjects without prior cardiovascular disease from the MESA (Multi-Ethnic Study of Atherosclerosis) cohort, carotid plaque presence by carotid ultrasound (c=0.782 to c=0.787; P=0.045) marginally improved prediction of stroke/ transient ischemic attack, above the traditional cardiovascular risk factors. However, no prior study has connected carotid plaque to vascular events and stroke specifically in HIV. In this study, consistent with prior data, the baseline risk of a vascular event was higher in PLWHIV as compared with a uninfected cohort, and additively, we show that the adjusted risk for a vascular event in PLWHIV with carotid plaque or HRP was ≈3-fold higher than those without plaque.
Strengths of our study include the first ever CT-based assessment of the presence of incidental carotid plaque in HIV, as well as first reporting on quantitative and qualitative plaque carotid analysis in relation to events in this population. However, some limitations merit discussion. This was a retrospective study, and HIV-specific parameters were not recorded at the time of the CT but were gathered from the electronic medical record at a time close to the study. All efforts were made to collect the viral load assay data closest to the date of physician visit (ART data) if not on the same date. Nonadherence is a possible factor as well. We suspect that the majority of patients in whom detectable viral load was noted were experiencing blips-temporary low level, detectable viremia observed in the context of transient ART nonadherence. We consider it likely that transient nonadherence with ART is relatively common in this cohort, as it is in other contemporary cohorts. Indeed, a recent investigation published by the Swiss HIV Cohort team suggested that blips can be observed in ≤41% of HIV-infected patients to whom ART is prescribed. Because uninfected controls were generated from the original query, there may be an element of referral/ selection bias. Additionally, cocaine use was only available for 65% of the subjects and its interpretation as significantly different between the cases and controls should be done with caution, and the observational nature precludes definitive determinations of causal drivers of outcomes. We also acknowledge that the type of CT was not prespecified and CT scans included arterial and venous phase CT studies, which differ in spatial resolution. However, CT angiography scans, with their higher resolution for plaque analysis, were more prevalent in the uninfected cohort.
Conclusions
PLWHIV without prior vascular disease have an increased number of carotid plaque, noncalcified plaque, and HRP as compared with uninfected controls, and in follow-up, the presence of carotid plaque, noncalcified plaque, and HRP is associated with an increased risk of adverse vascular outcomes. Further research is needed to identify the underlying mechanisms, both general or HIV specific, contributing to this increased risk and whether interventions, such as statins, can reduce risk in this vulnerable population. 
